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Researchers’ Innovative Robotic Fibers Transform Fabrics into 3-D Androids. By Kathlyn Swantko

Shaping the Future

n a project funded by the Air Force Office
of Science Research, Yale researchers have
taken textile robotic science into the future
by constructing a robotic fabric that has
the capabilities to do what no fabric has
done before. The fabric stiffens or softens
depending on the temperature, and can be
designed with a memory to change shape
and return to its original shape. At the same
time, the fabric maintains all the desirable
qualities such as softness, flexibility, breath-
ability, while also retaining its lightweight
characteristic.

Using Yale's set of innovative active fibers,
Rebecca Kramer-Bottiglio, assistant profes-
sor of Mechanical Engineering & Materials
Science at Yale's John J. Lee Lab, and her
team integrated innovative fibers to trans-
form conventional fabrics into on-demand
responsive robotic fabrics that possess
controllable, load-bearing, self-folding, and
move-and-hold properties.

Kramer-Bottiglio and her team began by
creating a variable stiffness (VS) fiber made
by embedding particles of nitinol, a nickel/
titanium alloy, into an epoxy. The nitinol is
a shape memory alloy (SMA), which stiffens
when cool and softens when warm. By stra-
tegically placing the SMA onto the fabric,
the textile material can be programmed to
deform, hold its new shape, and support
loads that a conventional fabric could not.

When SMA wire is used as the actuator
to produce a contracting motion, it is typi-
cally placed in coils or grids. However, the
Yale researchers were concerned with this
approach because the fabric’s response was
unpredictable, and could cause twisting or
bunching. The Yale solution was to flatten
the SMA wires into ribbons for use as the
robotic actuator.

“Instead of using the coil technique,”
explains Trevor Buckner, graduate stu-
dent in Kramer-Bottiglio’s lab and lead
author of the study, “we flattened the
wires into ribbons to give it a geometry,
which is much more suited to smooth
bending, creating a better solution for a
robotic fabric.”

Incorporating the Ribbon Actuator

The ribbon robotic actuator was inte-
grated onto the fabric through the use
of couching. This embroidery technique
intermittently fastens the ribbons in place
on the surface of the fabric with small
crosswise stitches of the same yarn or
another material. These long program-
mable actuator fiber ribbons, sewn onto
the fabric base, provide the supportive
skeleton that can be turned on or off.
The attached on-demand robotic ribbons
allow the fabric to bend as desired, to
be locked into a specific shape, and to
support weights that would otherwise
collapse a conventional fabric.

To complete the robotics device, the
team added sensors that detect internal
or environmental changes to the fabric,

Yale's robotic fabric switches between soft and strong.

allowing the textile to respond. For this,
the researchers developed self-coagulating
conductive ink, which they painted directly
onto the fabric. The ink is composed of a
common caulking-like material, which has
been emulsified in a nanoparticle suspen-
sion. When bonded to individual fibers,
the ink is intricately sensitive to tension
changes, but doesn’t change the texture
or breathability of the fabric. This quality
of allowing moisture vapor to be transmit-
ted through the material is particularly
important for providing comfort in wearable
applications.

Kramer-Bottiglio envisions Yale’s robotic
fabric being used in a variety of applica-
tions, including deployable and adaptive
structures, active compression garments,
wearable robotic tourniquets for use in emer-
gencies, smart military responsive sleeves,
smart cargo webbing, reconfigurable radio
frequency antennas, and self-reconfiguring
machinery, to name only a few.

“We think this technology can also be
used to create self-deploying tents, robotic
parachutes, and assistive clothing,” notes
Kramer-Bottiglio. “And, the ability to roboti-
cize some of these products opens up many
other possibilities!” ®
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